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FROM FLIGHT TESTS AND FROM PILOT-OPERATED

SIMULATOR STUDIES

By Maurice D. White and Fred J. Drinkwater 111

SUMMARY

A simplified analog simulator is described which may be used to pre-
dict the minimum comfortable approach speeds that would be used in carrier

● lsudings for a particular class of airplanes - those that sz’eWnited by
ability to control altitude. In operation, a pilot maneuvers the simu-
lated airplsme longitudinsll.yas he would b flight to arrive at a com-

% fortabl.eapproach speed. Predicted speeds obtained from initial tests
on several airplanes are compared with values from flight tests in order
to indicate the validity of the simulator results. IXl_ustrativeappli-
cation of the simulator to determine whether certain factors are importszrb
in influencing the choice of an approach speed is indicated. For this
purpose consideration is given the effects of stall warning and some ten-
tative conclusions regarding the effects of engine thrust, engine response,
ad airplane short-period longitudinal.time constant are shown.

INTRODUCTION

With the introduction of jet-propelled aircraft for use on aircrsft
carriers, it has been reported that the landing-approach speeds selected
by the pilots tend to be higher than would have been predicted from pre-
vious experience. To enable better predictions of the approach speed it
is necessary to know the factors that cause the pilot to select a partic-
ular approach speed for each airplane. Flight tests at Ames Aeronautical
Laboratory on a large number of fighter-type configurations indicate that
there are several possible reasons why pilots are reluctant to make lsnd-
ing approaches at speeds below a selected speed. These include proximity.
to the stall, poor visibility from the cockpit, umatisfactory stability
sad control characteristics, and inability to control altitude or check

u
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sink rates satisfactorily. Of the reasons listed,
altitude is by far the most prevalent, being given
of the configurations tested.

NACARMA77D30

●

inability to control
for about 70 percent .

A general program is under way at the Ames Aeronautical Laboratory
to gain a better understanding of the factors that limit a~roach speed
snd to develop criteria that will enable better predictions of landing-
approach speeds. As a part of this progrem, an analog simulator has been
developed to enable a more detailed study of some of the factors that
influence the choice of an approach speed. This simulator permits the
pilot to maneuver sn airplsme longitudinally, using the control stick and
throttle as he would in flight, and thereby to arrive at a selected
approach speed. Such an evaluation would, of course, be e~cted to com-
pare with flight evaluations only for airplsnes for which the flight
approach speed was limited by ability to control altitude or check sink
rate, rather thm by such other factors as visibility from the cockpit
or sdverse stability and control characteristics.

The present report describes the simulator and the results of pre-
liminary evaluations of several airpl.smesthat were made on it. Flight
data for these airplsnes, which were all reported to be limited in

●

a~roach speed by @lotst ability to control altitude, are also shown.
The simulator evaluations were made to determine (1) whether satisfactory w
agreement could be obtained between approach speeds determined on the
simulator snd in flight, (2) what the pilotsl opinions of the simulator
were, and (3) the effects on approach speed of chsnges in several factors.

NOTATION

longitudinal acceleration, units of gravity

vertical acceleration, units of gravity

mesm aerodynamic chord, ft

airplane drsg, lb

gross engine thrust, lb

unit of acceleration, 32.2 ft/secz

altitude, ft

moment of inertia about transverse sxis, slug-ft2

.—
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factor relating period of second-order systan to time constant
of first-order system

gesring or gain

airpl=e mass, slugs

undsmped natural period, sec

dynamic pressure, lb/sqft

wing area, sq,ft

Laplace trsnsform variable

net engine thrust, lb

true airspeed, ft/sec

airpls.negross weight, lb

mass flow of air through engine, slugs/see

dragairplsne drag coeffici=t, —
qs

liftairplane lift coefficient, —
qs

lift-curve slope, per radian

pitching-moment

ah
—~ per radian
~a

~itching moment
coefficient,

qSF

ah

b(&5/2v)
, per radian

A
a(bT/2v)

, per radisn

angle of attack, deg

air density, slugs/cu ft

.-
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%tick

%

%tab

6

Ta

flight-~ath angle, radians

damping ratio for short-period longitudinal oscillation

horizontal control deflection, deg

control stick deflection, inches at grip

throttle deflection

stabilizer deflection, deg

rate of change of airpl.smeattitude b pitch

airplane time constszrt

app approach

avail available

eff effective

eqtiv equivalent

GllNERAL

Subscripts

DESCRIPTION OF THE S~

A block diagrsm of the simulator is shown in figure 1, and figure 2
shows the physical arr~ement of the apparatus. The pilot was sup@ied
with a conventional.stick snd throttle for control. He perceived airplane
altitude as the vertical displacement of a horizontal line on the oscillo-
scope, at a scale of 10 feet per inch of displacement. Airspeed was indi-
cated on a meter located beside the oscilloscope, and a stall warning was
provided by m audible buzzer that sounded continuously at lift coeffi-
cients greater than a preset value. A second, shorter horizontal line on
the oscilloscope was avail&ble to indicate vertical acceleration by
vertical displacement of the line.

.=

It will be seen from the block diagre.mof figure 1 that movement of
the stick results in chsnges in lift coefficient which are combined with
dynsmic pressures appropriate to the airspeed in order to produce vertical

●

accelerations and flight-path-angle chsages tithe airplsne. Through
fldght-determined (or sny desired) curves of drag coefficient as a func- W

*ion of lift coefficient, the variations of ~ are made appropriate to

●
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the variations in ~, snd are comldned with dynsmic pressures to produce
longitudinal accelerations and consequent airspeed chsmges in the airplane.

Movements of the throttle produce thrust increments that contribute
to the longitudinal acceleration and airspeed changes. The angle of
attack was omitted from the simulation smd, as a consequence, the followi-
ng assumptions with regsrd to the action of the Wrust vector were
introduced:

1. The thrust effect on lift waa simulated only to the extent
of including in CL for the ~-~ curves the component
of whatever thrust was required to balance the drag at
about the approach speed and angle of attack.

2. Thrust increments due to throttle manipulation were assumed
to act along the flight path rather than the airplsne axis,
and hence produced no lift.

Gravity effects on the horizontal acceleration were included as a func-
tion of fkight-path angle; the effects of flight-path-sngle changes on
the vertical acceleration were neglected.

DETAIILEDDESCRll?TIONOF THE SIMULATOR

The control stick was geared linearly to the airplane lift coeffi-
cient through a first-order time constant. Actusl airplane responses are
usually better described by second-order systems. In order to approxha.te
reasonably the time variations of the second-order system with a first-
order system, the time constant for the first-order system was set at a
value eqxal to the time reqtired for the second-order step respanse to
reach 63 percent of the final.value. The degree of approximation involved
by this substitution is indicated by the curves in figure 3(a), which
shows a comparison of the step responses for the first-order system with
the responses to equivalent second-order systems. Figure 3(b), which is
based on the data of figure 3(a), presents a convenient curve for deter-
mining the equivalent first-order time constsnt when the undamped natural.
period and dsmping ratio of the second-order-system characteristics of
the actual airplane are given.

An attempt was made to conduct evaluations with the actual airplane
gearings of stick movement to CL, as determined from flight tests. No
stick-force gradient was supplied in conjunction with these tests, and

a the pilots found the control unacceptably sensitive and the trti position
difficult to locate. Accordingly the gearing was chmged to a value of
20 inches (at the stick grip) per unit ~, which was considered satis-

. factory and was used with no stick-force gradient, for all the tests
reported here.
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The throttle control was gesmed linearly to thrust, full rearward
producing zero thrust and full forwsx’d,full thrust. Three different .
arrangements of time delay between throttle control movement and thrust
were investigated. Descriptive time histories showing the thrust response

7-

to throttle movement for each of the arrangements noted below are given
-=

in figure 4.

1.

2.

3=

No time lag between throttle movement and thrust develop-
ment.

Time delay of 0.5 second. Thrust lags throttle by abut
0.5 second regardless of rate or sa@itude of throttle
movement.

Variable thrust response. Thrust response is approxi-
mately first order. the value of the first-ofier the.
constsmt increasiti linearly with the smplitude of the
throttle movement.

For the last case the circuitry provided for initiation of a new time
sequence each time the throttle was reversed or the thrust reached about d

95 Perc=t of the steady-state increment called for.

An additional factor found desirable in the investigation was the
●

provision of a random but repeatable disturbance in AZ) a time history
of which is shown in figure 5. The need for a disturbance was indicate~
during preliminary simulator tests when one of the pilots, deprived of
adequate physical references, unconsciously hposed rates of descent that
were higher than usual and thereby arrived at higher approach speeds.
The disturbance was introduced as a series of steps in vertical acceler-
ation, applied through a l-secondy first-order t- const~t at r~dom
time titervals snd in either positive or negative direction. The steps
were of uniform smplitude, corresponding, according to pilotsf ~Pres-
sions, to moderate atmospheric turbulence. It is of interest to note
that a random smplitude of disturbance that was tried initially raised

—

objections on the grounds that infrequent large-smplitude disturbances
tended to upset a precise approach ad. were unrealistic in simulating
atmospheric turbulence; also it created an uncertainty in the pilotts
mind as to whether in a given period of flying he had encountered the
same degree of disturbmce that he had in mother period.
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FLIGHT TESTS

Airplsaes

Four airplane configurations were tested in flight and on the
simulator. These were:

7

?“ 1,

Gross wel@t Esthlated

(~ ~n- w~ ==, ~:yg. , value
T/W

Mrplane Engine Speed br~ea f.~wat~on) , available,
Sq f-t of ~> ~. military

lb
ft. slug-ftz power

W-3 Jti-~B splitwing- 21,030 535 13.69 43,750 0.32
flaps

retracted

F7U-3 J46-WF8Bsplitwing- 21,030 535 13.69 43,750 .32
flaps

extended

F9F-6 J48-P8 Retracted 13,440 300 8.96 26,7c0 .42

FJ3 J65-W4 Retracted 13,078 288 8.08 m,~ ●53

Figure 6 shows drawings of the test ~rp~es~ =d figure 7 shows
the gearings between the control stick and the horizontal control
surfaces.

Instruentation

Item hstrument

Airspeed
Altitude
Elevator sngle
Throttle control position
Normal acceleration I Standard NACA recording

Longitudinal acceleration instruments.

Angle of attack
Pitching velocity
Tail-pipe area (where variable)

Tail-pipe pressure

Tail-pipe temperature
Engine rpm

Single ~robe recording on.
NACA pressure recorder.
Calibrated on thrust stand.
Camera photographing pilotrs

instrument psnel.
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Tests
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Field carrier-lading evaluation runs were made on the test airplanes
.

by three NACA pilots to determine the minimum comfortable approach speeds.
The speeds qyoted cories~nd to lsnding weights defined as the weight
empty plus 1000 pounds fuel per engine. In addition to determining the
approach speeds the pilots were asked to give the reason for limiting
the apyroach speed. Of the three NACA test pilots who conducted the
tests, two, pilots B and C, were experienced carrier pilots; the third,
pilot A, had no carrier experience, but was-a Air Force fighter pilot
who has had considerable experience as em NACA test pilot.

The approach speeds used by Navy pilots in actual carrier operations
were determined for the F9F-6 snd the F7U-3 airplsnes by interrogat~ a
group of the pilots during a carrier evaluation cruise.

Additional fld.ghttests in the test airplsmes were made at the
Ames Aeronautical Laboratory to obtah supplementary information appli-
cable to the leading-approach configurations. Static tests were made to
obtain the variations of a, ~, and ae with CL. The values of ~
snd ~ were computed from flight measured quantities, using the
relationships:

CL =$ (&cos a+ Axstia) --~ (F#na)

.

.

%=$ (A#na-~cos et)+-$ (FGCOS a - WaV)

The dynsmic longitudinal stability sad horizontal
ness characteristicswere evaluated from the responses
and steps. The period and damping ratio were computed
eqyations

control effective-
to elevator pulses
from the simplified

were perfomned by appl~g step mme-
m

A series of throttle bursts
ments to the throttle at sn cil.titudeof about 5000 feet, and at about
the approach speed in order to document the dynsmic response
characteristics of the engine.

.
—
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RESUZTS AND DISCUSSION

Flight Tests

NACAR.M A77D30 9

Comparison of NACA and Navy pilots approach speeds.- As shown by
the data of table I, the approach speeds used by Navy pilots tend to be
higher than the values selected by the ?NACApilots. This difference is
probab~ due to the fact that the NACA pilots were selecting a minimum
comfortable approach speed, while the Navy pilots were deftiing merely
an operational approach speed, which could be reduced further if there
were sufficient reason. This argument is supported by flight data
obtained during a carrier cruise and presented In figure 8. The results
of 44 landings made with the F7U-3 by four skilled NaW pilots are shown
in figure 8. The vslues of approach speed were obtained from rsdsr instru-
mentation on the carrier, with suitable corrections for carrier and wind
velocities, and have been corrected to the standard landing weight by
multiplication of the measured value by the square root of the ratio of
the landing weight to the actual weight. The data show that while the
average approach speed is about 113 lmots, values as low as 10~ knots

s occur, albeit infrequently. The values selected by the NACA pilots are
in agrement with the lower values of the curve as would be expected when
a minimmn value is sought. The fact that the NACA tests were made under

* the less hazardous conditions of field landing might also contribute to
lower values for the NACA tests.

Static aerodynamic characteristics.- The variations of CD> ~$
and be with CL for the test configurations are shown in figure 9.
Included in this figure are the modified curves of ~ against ~ that
were used in the simulator tests. Figure 10 shows the variation of the
drag with velocity and the variation of the thrust required to balance
the drag. These curves were determined from the data of figure 9 by
solution of the equations:

D = (.!D@=Tcosa

It is of interest to observe, in connection with the data of fig-
ure 10, that for the two extremes in curve shape represented by the two
F7U-3 configurations, one of which represents flight on the unstable side
of the D-V curve throughout the available speed range, the pilots selected
the ssme approach speed. From this it is apparent that the speed for
minimmn drag, which has occasionally been proposed as a fundamental cri-
terion for defining a~roach speed, will not apply for all configurations.

●

Dynsmic longitudinal stability &aracteristics.- The dynsmic stabil-
. ity characteristics of the test configurations, shown in figure n(a).

were obtained on sn analog computer by trisl &d error fitt~g of &&red
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responses in &, a, and ~, fo~owhg pulses ad steps of the horizontal
control smfaces. Some variation in value with speed is indicated but
the variation is relatively small.. From these curves the values of the
equivalent first-order time constants were obtained by the use of figu-
re 3(b)j smd these are shown in figure n(b).

-.
“

Engine response characteristics.- Figure 1.2shows some results of
the engine response tests. There are differences indicated in the response
characteristics of the engines which are associated with the type of
engine control system used. For the F7U-3 (fig. =(a)), the thrust lags
the throttle movement by about 1/2 second re-gardlessof the smplitude of
the throttle step. For the thrust level to which these data apply, which
is the level required for carrier approaches, the engine operates at con-
stant rotational speed snd the thrust is modulated basically by changing
the fuel flow and the tail-pipe area. This method of engine control is
not commonly used.

For the F9F-6 endFJ3 airplsmes (figs. 1.2(b)snd I-2(c)),the thrust
response to a throttle step follows essentially a rsnp variation with
little time delay, which, for convenience of simulator representation,
may be considered as a first-ofier system, the time constant of which
increases with the smplitude of the throttle step. This type of respmse
is characteristic of engines in which the thrust varies with the rota-
tional speed, and is hereafter referred to as %ariable time constant.”

Landing-approach time histories.- Several typical approach time his-
tories obtained during the field carrier evaluations are shown in
figure 13.

Applicability of the Simulator

As noted in the Introduction, the simulator, as described herein,
is best adapted to study cases in which the approach speed is limited by
the ability to control altitude and has been used almost exclusively for
such cases. Although the simulator could, by obvious modifications, be
adapted to study cases in which the approach speed is limited by some of
the other factors mentioned, no serious efforts have been made as yet
along this line. Until the validity of such modifications are proven it
should be understood that the results obtained from the simulator, such
as those presented in this report, are applicable primarily to configura-
tions for which ability to control sltitude is the limiting factor. In
cases where ability to control altitude is not the Umiting factor indic-
ated by the simulator, then only stalll.proximity could be given as an
alternative ~actor.

Simulator validity - comparisen of a~roach speeds.- The vslidity
of the landing-approach simulator is determined by seversl factors.

so~-’-- -

.——.—

.



ILNACA RM A5~30

Foremost of these
the ssme approach

is, of course, the ability of the pilot to determine
speed on the simulator and in flight. Table I snd

figure 14 show a comparison of the approach speeds determined by the two
methods by each of the three pilots and the average of their values. The
average values as determined on the simulator are seen to agree with the
flight values within 3 knots. This agreement would be influenced by the
stall-warning margin provided. In the simulator operation, the pilots
considered that the stsll warning, set for a ~ equivalent to a 5-knot
speed margin, represented an effective Umit of operation which should
not be exceeded in ordinary maneuvering. No attapt was made to relate
this margin to the actual flight stall-warning margins; the figure used
was selected s~ly as a reasonable value. If the stall warning had been
set at another value of ~, then the pilot would in some cases have
reported a correspondingly different approach speed. These few cases of
dependence of the agreement on the particular margin of CL chosen do
not represent a serious objection to the simulator validity, however,
because it is unlikely that in flight the pilot would ordinarily maneuver
up to C*; rather, he would select an approach speed such that ordinary
maneuvers would still leave a margin of CL available for emergency
situations.

t

Insufficient comparisons have been made between simulator predictions
and flight approach speeds to permit a genera3 conclusion that the simu-

.
later in its present simplified form wi3J_always enable accurate predic-
tions. The imporlxmce of this particular attribute of the simulator
should not be overestimated, however; its adaptability to the study of
individual factors that influence the ability to control altitude, dis-
cussed in a later section of this re~rt, is regarded as an eqyally
important attribute.

RepeatabiMty of simulator results.- A second test of the shul.ator
validity is the repeatabi~ty of the test results. Check runs of various
configurations made on different days indicated that the selected approach
speeds were repeatable within 3 hots, which is considered satisfactory.

Pilots~ impressions.- A third test of the simulator would be whether
the pilots could relate visual indications of a simulated airplane
approach to their impressions of the behavior of the airplane in fllght.
Generally spesking, the simulator, in the simplified form that is des-
cribed here, requires that the pilots extract information about the
~ehavior of the airplane from a lesser number of perceptual channels than
they have available in flight. Also certain aspects of the airplsne
behavior on the simulator seem somewhat unrealistic. For e-pie, on the
simulator, throttle actuation with the stick ftied resulted in speed
changes only, while in flight the speed might Ch=ge by lesser amounts,.
some of the energy from the engine thrust change producing a rate of cl.hb
or descent. Significant differences exist

..
●

1$%~
..

: ..

betweei airplaies in this

‘,%+
“m
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regard, app~ently as a result of differences in longitudinal trim
characteristics, increased ease of control being associated with lesser
speed changes.

w

.

As a consequence of such factors, the pilots felt that on the simu-
lator they were unable to capture completely the feeling that they were
flying a particular airplane and, accordingly, ap~roach speeds and rea-
sons for limiting approach speeds could not be quoted with as much assur-
ance as they would be from flight tests. Despite these reservations the
pilots were able to obtain valuable information from the simulator regard-
ing the variables that influence ab~tyto control altitude. The com-
parisons of flight and simulator apyroach speeds discussed previously
indicate that the pilots were able to evaluate approach speeds to an
acceptable degree of accuracy. Also, two of the three pilots indicated
that for all four configurations they ltiited their approach speeds for

—.

the same reason they had in flight, namely because of inability to con-
trol altitude at low speeds. The tliirdpilot (pilot B) indicated that
while his reason for limiting speed h flight agreed with those of the
other pilots, his reason for limiting speed on the stiul.atorwas because
of stall proximity as represented by the stall-warming buzzer. It should
be noted that these are the only reasons that can be given on this 1

simulator.

The causes of this difference between reasons assigned by the pilots
.

Csxl,of course, only be speculated upon. An obvious possibility is that
some pilots are affected to a greater degree than others by the lack of
such factors as static longitudinal stability, attitude changes with
speed, and the sensations of vertical and longitudinal accelerations,
which are not included on the simulator. An illustration of this is
afforded by the fact that in the present study pilot C!required an tidi-
cation of the vertical acceleration on the scope in addition to the alti-
tude, while the other two pilots preferred to fly without this added
visual indication, and, in fact, considered it distracttig and accordingly
detriment. This is not to say that they did not miss the perception of
accelerations, but that they could not interpret this additional visual
information.

Because of the aforementioned lack of complete simulation, some
reservations were felt as to the possibility of using the simulator to
evaluate the effects of different airplue characteristics on the approach
speed. In this regard it was observed that the pilots were able to iden-
tify which of the four configurations wes be- tested by means of impres-
sions gained during simulator operation. This feat was undoubtedly made
easier by the fact that there were large differences in certain character-
istics among the test configurations. Aside from the degree of abifity
to control altitude through the longitudinal control. there were two fac-

.

tors in particular which
was a speed stability as
resulting from flying at

aided pilots in identification. One of these
indicated by the rate of change of airspeed .
s~eeds removed from that at which the thrust
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bslanced the drag. The speed stability variations with airspeed are
largely a function of the shqe of the drag-airspeed curve. The other
factor was the thrust-weight ratio available (M’/W) which detemined to
a large extent the pilot’s ability to control the rate of airspeed chsmge.
As indicated by the curves of figure lo and the data in figure 15, there
were large differences in both of these characteristics smong the four
configurations tested which aided in their identification.

In smmnary, it was the opinion of the pilots that the ability to
distinguish on the present simulator the effects of large changes in air-
plme characteristics is fairly well established, but the effects of
smaller changes would be difficult to determine. Increasing the complex-
ity of the simulator to include more accurate simulation of such other
factors as stability and control characteristics may improve it from the
standpoint of pilot feel, sensitivity to smaller changes in airplane
characteristics, snd ability to study the effects of these factors on
approach speed.

Simulator Studies of Individual Factors

An important feature of the landing-approach simulator is its flex-
ibility, which indicates its possible use in a study of factors that
influence the pilot in arriving at aa approach speed. In ofier to illus-
trate the use of the simulator for this purpose a few test results are
presented here, in which the effects on selected approach speed of sev-
eral different variables are considered. Because the scope of these tests
is limited and because the results quoted may be a function of the partic-
ular stiulator conditions (i.e., what vslues were used simultaneously for
other factors), the results given should not be considered as general.

Stick gain (C!L per unit stick movement).- As previously noted,
attempts to use stick gains corresponding to those of the airplane in
flight (fig. 9) met with objections from the pilot on the grounds that
the control was too sensitive, snd it was found necessary to reduce the
gain to a value of 0.05 ~ per inch stick grip movement before it was
considered acceptable. It was inferred that the lack of the stick-force
gradient made the higher stick gains unacceptable. This conclusion is
supprted by results presented in reference 1 which indicate a moderate
stick-force gr~ient to be necessary for acce~table control feel charac-
teristics. The fact that it was ~ossible to operate on the stiulator
with zero force per unit acceleration with a low stick gain, in contrast
with the findings of reference 1, does not mean that such operation would
be acceptable in flight. The pilots accepted this simplification on the
simulator in order to reduce the number of vsriables to be considered in
preliminary studies. However, the fact that reasonable correlation of
the approach speeds was obtained in the absence of accurate simulation
of the stick forces and stick gains could be interpreted as indicating
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.
that this factor was not of first-order importance in defining approach
speeds on the simulator for these airplsaes. The extent to which the
approach speed for these airplanes would be altered in flight by changes
in longitudinal stability is, of course, not defined by these res~ts~
particularly where the effects of negative stability are concerned. In
fact, adverse stability end control characteristics have been primary
factors in limiting flight approach speeds for several airplane
configurations recently evaluated.

—

Throttle response.- In the evaluation of the basic airplsne config-
urations, the approximation to the engine response characteristics shown
in figure k were used. For the variable time constant case, the vd-ue
assigned to the time constant was set equsl to the time required for the
rsmp-like response of the actual thrust to reach 63 yercent of the final
incr=ent. To evaluate the effect of engine time constant on the selected
approach speed, evaluations were also made with the engine time constant
reduced ta zero. The results in table II show that with the simplified
simd.ator arrangement used the effect of the time-constsnt change was
insignificant in that the differences in approach speed were within the
repeatability of the data. —

.

● The reason for the lack of effect of engine response is”indicated
in the typical time histories of ltiing approaches in flight (fig. 13)
and of evaluation maneuvers on the simulator shown in figure 5. The .

a

throttle motions used in maneuvering are seen to consist of a series of
small discrete steps with intervals between steps of the order of 1 sec-
ond or greater. For the variable time-constant case, the small smplitude
of the thrust steps would be associated tith small time constants, giving
almost instantaneous responses. For the case of l/2-second time delay,
the value of the time lag is presumably small.enough so that it does not
affect thepilots~ impressions adversely enough to affect the approach
speed on the simulator. The degree to which longer time delays or larger
time constants would influence approach speed has not been established.

Thrust margin.- The margin of engine thrust available for maneuver-
ing (thrust greater thsm that required for level flight at about the
a~roach speed) was varied to determine the effect of this factor on the
approach speed. The results shown in figure 15 indicate that while thrust
values greater than those provided on the actual airplane do not influ~ce “-
the approach speed On the sti~ator, s~e increase in appro~h speed
accompanied decreases in thrust margin below about 0.2 of the airplane
weight. The effect was pai’titularlyevident for the pilots who con-
sciously employed the ssme technique on the simulator end in flight of
using the throttle for the prbry sltitude control at low approach
speeds (pilots B and C). This greater reliance on throttle for altitude

—

control would tend to make these pilots more sensitive to differences in
-.

the margin of thrust available.
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The data of figure 15 indicate an additional factor that could result
in increased landing-approach speeds with increasing gross weight for a
particular airplane. Not only would the staLling ad stsll-warning s~eeds
be increased with the increased wing loading, but the available thrust
margin in terms of A!l?/Wwould be reduced with consequent increases in
approach speed.

CONCLUDING REMARIG

Minimum comfortable approach speeds for carrier-type lsndings can be
determined by the use of a landing-approach simulator that incorporates
the basic performance parameters of the airplane - lift, drag, weight,
and thrust. Flight tests indicate that the approach speeds so determined
must be revised upward if on the aircraft any other detrimental factors
appear; that is, poor stability or control characteristics, severe buffet-
@, Presace of unacceptable sta~n characteristics, restricted visi-

bility from the cockpit, etc. In stiulator evaluations by three NAC!A
test pilots, average approach speeds for four airplane configurations
were determined which agreed with flight values within 3 knots. Average
approach speeds selected in flight by Navy pilots were about 5 knots
higher than those of the NACA pilots. Available flight data on approach
speeds of different airplanes cover a rather lhited range of values, and
the nunber of configurations to which the simulator has been applied is
relatively limited, so that the range of applicability of the shulator
has yet to be established.

The use of the simulator to examine various factors that might influ-
ence the selection of the approach speed is illustrated by several.results
which, because of the ldmited scope of the tests, must be regarded only
as tentative. For the four airplane configurations tested, reduction of
the engine time constant from vslues equivalent to those of flight to a
value of zero had no effect on the selected a~roach speed. However,
reduction of margin of thrust available (akove that reqtired for level
flight) to values less than about 0.2 of the airplane weight was indicated
to result in increases in the approach speed.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics

Moffett Field, Calif., Apr. 30, 1957
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